• In this paper, we describe a new innovative technique to induce experimental myointimal hyperplasia using a dental flossing cachet. The technique is simple, inexpensive, and highly reproducible. It would be of interest to researchers studying the pathogenesis of myointimal hyperplasia.
Introduction
The development of arterial myointimal hyperplasia (MIH) has a significant impact on the long-term outcomes of vascular procedures such as bypass surgery and angioplasty. Experimentally induced MIH in animal models is used for the study of the pathogenesis of this This is an Open Access article licensed under the Creative Commons Attribution-NonCommercial-4.0 International License (CC BY-NC) (http://www.karger.com/Services/OpenAccessLicense), applicable to the online version of the article only. Usage and distribution for commercial purposes requires written permission.
DOI: 10.1159/000492575 condition and to investigate ways to prevent or decrease its development. Most studies have used balloon angioplasty in animal models to induce MIH [1] [2] [3] . However, these methods are inherently tedious and require the use of one balloon catheter for each procedure, with the attached cost. In addition, these models were found not to be standardized because the pressure within the balloon may vary depending on the operator's maneuver (i.e., the balloon is not inflated equally within the same carotid, and it is not the same in different applications) [4] [5] [6] [7] [8] . We report a new technique to induce MIH using a dental flossing cachet, which is not expensive compared to the balloon and can be easily purchased. Unlike experimental balloon angioplasty, which entails the complete denudation of the intima from the carotid artery, this technique is automated and induces injury only to the intima by the rotating tip of the flossing cachet, which would stimulate the endothelial cells to initiate the process of intimal hyperplasia, mimicking the clinical procedures of angioplasty or bypass anastomosis.
Materials and Methods
This study was approved by the Animal Protection Ethics Committee. Ten inbred Wistar rats (body weight ≥400 g) were maintained at the Animal Resources Centre of the Health Science Center, Kuwait University. The animals had free access to rat chow and tap water and were maintained in a standard 12-h light/dark cycle; the temperature was maintained at 25 ± 2 ° C.
Induction of MIH
Before the operation, the rats were anesthetized by intramuscular injection of a mixture of ketamine (85 mg/kg) and rumpun (5 mg/kg) and placed supine on a sterile surgical sheet spread over an electrically warmed blanket. Using a clipper, the animal fur in front of the neck was shaved, and the skin was cleaned with betadine and alcohol. A midline neck incision was made extending from the sternal angle to the level of the larynx. Using the operating microscope, a blunt dissection was made on one side of the trachea to approach the common carotid artery (CCA) which was extended up to the angle of the mandible to expose the carotid bifurcation.
Two loose stay sutures (silk 3/0 suture) were applied, i.e., one around the CCA as it entered the neck and the other on the internal carotid artery (ICA). A ligature was tied around the external carotid artery (ECA), as distal as possible towards the lower jaw. The animal was anticoagulated by intramuscular injection of heparin (50 IU/kg of body weight). The 2 branches of the ECA (occipital and superior thyroid arteries) were dissected and cauterized to facilitate mobilization of the ECA and to prevent retrograde bleeding during the procedure. A loose suture was applied around the origin of the ECA which was used to ligate it at the end of the procedure.
Blood flow from the CCA and the ICA was temporarily interrupted by pulling on the loose stay suture. The ECA was then snipped with a pair of fine microscopic scissors just distal to its origin from the CCA, and then the dental flossing cachet rotating tip (WaterPik FLA-220 Power Flosser; South Shelton, CT, USA) was inserted through this opening into the ECA down to the CCA (6-8 mm in the distal CCA, just before its bifurcation) (Fig. 1) . Once the device was in its proper position within the CCA, the button of the device was pressed to start the spiraling motion of the tip for 3 rounds of 20 s each to induce intimal damage in the distal CCA. The tip of the device was then withdrawn, and the loose ligature at the origin of the ECA was tied flush with the CCA bifurcation. The blood flow was resumed through the CCA and the ICA by removing the loose stay sutures. The contralateral CCA served as a control by dissecting it up to the angle of the jaw and by the application of loose stay sutures at the proximal and distal ends of the artery, which were ultimately removed before wound closure. At the end of the procedure, the wound was washed with warm sterile normal saline, and the retracted muscles were returned to their normal anatomic position in the midline. The skin incision was closed with continuous 3/0 silk sutures, and the animals were kept warm until recovery, transferred to a designated cage, and allowed free access to food and water.
After 2 weeks, the animals were anesthetized and the neck wounds opened. The experimental site was exposed first, and the CCA was dissected all along to its bifurcation. A stay suture was passed around the proximal CCA at the root of the neck. This suture was tied, immediately followed by injection of normal saline (using an insulin needle and syringe) into the CCA to flush out the blood. The CCA, along with its bifurcation, was then harvested and fixed in formalin. The contralateral (control) CCA was likewise flushed, harvested, and fixed. Finally, the animals were euthanized via an overdose of anesthesia. The tissue was fixed in 10% formalin and embedded in paraffin blocks, and cut and cross-sections of the harvested arteries were stained with a standard hematoxylin and eosin stain.
Morphometric Analysis
Digital images of the harvested arteries were captured using a computerized imaging system and analyzed. Morphological analysis was performed by tracing the interior surface of the lumen, the internal elastic lamina, and the external elastic lamina (EEL). The area inside of the internal elastic lamina is the intima, and the area between internal elastic lamina and external elastic lamina is the media [9, 10] . Morphometric analysis was done by one of the authors (N.K.), who was blinded to the origin of the specimens.
Statistical Analysis
All data are presented as means ± SEM. Comparison of histological findings between the control and experimental CCA groups was made via an unpaired Student t test. p < 0.05 was considered statistically significant. All statistical analyses were performed with GraphPad Prism version 6.0 (GraphPad Software Inc., San Diego, CA, USA).
Results
All rats appeared healthy and were moving all limbs before sacrifice, and no adverse effects were observed. All of the neck incisions healed well, with no infections observed. The cross-section of the experimental carotid arteries (Fig. 2a, c) shows impressive intimal proliferation and thickening compared to the control carotid arteries (Fig. 2b, d ). The MIH was noted to extend from the site of the insertion of the flosser's tip in the ECA (Fig. 3) down to the whole length of the CCA, i.e., the site of intimal contact with the rotating tip of the flosser. Figure  3 shows the bifurcation of the CCA, in which the ECA lumen is nearly completely occluded due to the MIH. Figure 4 shows that an extensive MIH was induced in the experimental carotid arteries as indicated by the higher intima/media ratios (1.274 ± 0.162) compared to the control common carotid arteries (0.089 ± 0.023) (mean ± SEM); this difference was highly significant (p < 0.001).
Discussion and Conclusion
Experimental MIH has been induced previously in rat carotid arteries using a balloon catheter; however, this technique does not mimic the real-world situation because it denudes the whole intimal layer, which does not occur during clinical angioplasty [1] [2] [3] . Moreover, the small Fogarty (balloon) catheter is used only once per animal and it is therefore expensive. We opted to explore the use of a new method to induce MIH in the rat carotids, which would mimic the clinical situation (i.e., injury to the arterial intima) rather than denuding the whole intima.
In our study, the automated flossing tip induced impressive intimal proliferation and thickening compared to the control. To prove the reproducibility and validity of the technique, the procedure was performed on 10 rats by 2 coauthors (A.S. and F.A.-O.). In all animals, MIH was consistently induced without variability along the CCA. In comparison, many reports have shown that the balloon injury model in rats is not standardized because the value of the pressure in the balloon is not automated and may vary depending on the operator's maneuver [4] [5] [6] [7] [8] . Thus, our model of intimal injury is simple, inexpensive, and highly reproducible and induces sufficient MIH to study this phenomenon in the animal model. Comparison of intima/media ratios in experimental vs. control common carotid arteries (CCA) (n = 10 for each group). * The ratio was significantly higher (p < 0.001) in the experimental group (1.274 ± 0.162) compared to the control group (0.089 ± 0.023).
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